The nutlet morphology of 11 taxa of Mentha L. (M. pulegium, M. aquatica (SEM). The shape of all studied nutlets was broadly oblong or ovoid. Nutlet size ranged from 0.54 to 0.97 mm in length and from 0.37 to 0.66 mm in width. The smallest and biggest nutlets were found in M. × villoso-nervata and M. aquatica, respectively. The Mentha taxa studied can be divided into three groups, based on nut sculpturing type such as distinctly bireticulate, inconspicuously bireticulate and reticulate. This study has shown that some nutlet morphological characteristics can be utilised as additional diagnostic characteristics in delimitations of Mentha at the species and infraspecific levels.
Introduction
Mentha L., one of the most important genera of the family Lamiaceae, has worldwide distribution and it consists of perennial aromatic herbs. Some Mentha species, such as M. pulegium L., M. longifolia (L.) Huds., M. spicata L., M. × piperita L. and M. × villoso-nervata Opiz, are traditionally used in folk medicine (Baytop, 1999) . Mint oil and their constituents obtained from different species of Mentha are also used in perfumery, cosmetics and food industries (Kokkini, 1994) .
Mentha is a taxonomically difficult genus because of extensive hybridization, vegetative propagation, polyploidisation and cultivation (Harley, 1972; Harley and Brighton, 1977; Tucker et al., 1980) . The genus comprises 18 species and 11 hybrids placed into four sections, namely Pulegium, Tubulosae, Eriodontes and Mentha according to the latest taxonomic treatment (Tucker and Naczi, 2007) . Harley (1982) recognized 11 Mentha taxa belonging to two sections (Pulegium and Mentha) from Turkey and then two hybrids have been added to Flora of Turkey (Tarimcilar and Kaynak, 1997a, b) . In this study, the treatment of Harley (1982) has been followed for the nomenlature of Mentha.
There are some studies about monophyly of Mentha and phylogenetic relationships within the genus (Gobert et al., 2002; Bunsawat et al., 2004; Shasany et al., 2005) . Saric-Kundelic et al. (2009) investigated the utility of morphological, anatomical and phytochemical characters for the identification of Mentha species, hybrids, varieties and cultivars in Bosnia-Herzegovina and Slovakia. In various genera of family Lamiaceae, the nutlet morphology, anatomy, pericarp structure and their taxonomic significance have been reported by some studies (Husain et al., 1990; Marin et al., 1994; Ryding, 2010) . However, accounts on the mericarp morphology of some taxa of Mentha examined in this study are rather limited (Duletic-Lausevic and Marin, 1999; Moon et al., 2009) . We aim in this study, with the aid of scanning electron microscope (SEM), to provide detailed data on nutlet morphology of 11 Mentha taxa found in Turkey and to determine which characteristics of their nutlets may be used for taxonomic purposes.
Materials and Methods

Plant materials:
Nutlets of 11 taxa of Mentha collected from different parts of Turkey were investigated. The materials used in this study were composed mainly of herbarium specimens, which were deposited in the herbarium of Uludag University (BULU). The specimens used for SEM micrographs were presented in Table 1 .
Nutlet size and SEM analyses:
For nutlet length and width, 50 nutlets were measured per taxon. However, at least 10 nutlets were measured for hybrids. In order to ensure that the nutlets were of normal size and maturity, they were examined using a stereomicroscope. For SEM, nutlets of taxa were transferred directly to a double-sided tape-affixed stub and were coated with gold-palladium, using a BAL-TEC SCD 005 sputter. The micrographs were obtained from a CARL ZEISS Evo 40 SEM using a voltage of 20 kV at the Microscopy Laboratory of Science and Art Faculty of Uludag University. The micrographs were used to describe surface sculpturing type of nutlets. The terminology for nutlet shape and surface sculpturing mainly follows that of Barthlott (1981) and Stearn (1983) . GT 30470
Results and Discussion
The characteristics of nutlet (i.e. size, colour, presence or absence of trichomes and surface sculpturing) are summarized in Table 2 . Micrographs of nutlets belonging to all studied taxa are presented in Figures 1-4 . We found that the shape of all studied nutlets was broadly oblong or ovoid and that nutlet colour varied from pale to dark brown. The nutlets of M. pulegium, M. aquatica and M. dumetorum were pale brown, while those of M. × piperita, M. × villoso-nervata and M. × rotundifolia were dark brown. However, the colour of the nutlets in M. spicata subsp. spicata, M. spicata subsp. tomentosa, M. longifolia subsp. longifolia, M. longifolia subsp. typhoides and M. suaveolens varied from chestnut brown to dark brown. Moreover, short or long trichomes were observed on the surface of nutlets of M. aquatica, M. × dumetorum, M. spicata subsp. tomentosa and M. longifolia subsp. longifolia. Nutlet size ranged from 0.54 to 0.97 mm in length and from 0.37 to 0.66 mm in width. The smallest nutlet was found in M. × villoso-nervata and the biggest nutlet was found in M. aquatica (Table 2) . Under SEM, three types were observed in the Mentha taxa based on surface sculpturing pattern:
Type I. Distinctly bireticulate: a surface with penta-or hexagonal-shaped small cells, and the walls of these cells are high, irregular and having depressions. This sculpturing pattern was seen in M. aquatica and M. × dumetorum (Fig. 1C, F) . (Fig. 2C) . The nutlets of M. × piperita and M. spicata subsp. spicata with cells having wrinkled or often unclear walls (Fig. 2F, I ). When the nutlet characteristics of the investigated Mentha taxa were compared with previous literature (Ball, 1972; Borisova, 1977; Tarimcilar and Kaynak, 2002) , our results are more or less similar to their findings. The shape of nutlets examined in this study was broadly oblong or ovoid. Borisova (1977) , Harley (1982) and Tarimcilar and Kaynak (2002) have reported that the nutlet shape of the genus Mentha varies from globose to ovoid or obovoid.
Duletic-Lausevic and Marin (1999) found nutlet dimensions 0.7 × 0.5 mm in M. pulegium and M. longifolia, 0.8 × 0.6 mm in M. aquatica, 0.6 × 0.4 mm in M. spicata and M. × rotundifolia, and 0.6 × 0.5 mm in M. suaveolens. Moon et al. (2009) examined nutlet characteristics (i.e. size, colour, shape and surface sculpturing) of Mentha aquatica, M. longifolia, and M. suaveolens and reported the length and width measurements (mm) as 1±0.05 × 0.7±0.02, 0.6±0.03 × 0.5±0.02 and 0.6±0.03 × 0.4±0.02, respectively. Nutlet shape of these taxa is widely elliptic, surface sculpturing type is reticulate, and colour varies from yellowish brown to reddish dark brown (Moon et al., 2009) .
According to our results, the nutlets of M. aquatica, M. × dumetorum, M. spicata subsp. tomentosa and M. longifolia subsp. longifolia have trichomes. The presence or absence of trichomes on nutlet is an important character to discriminate M. longifolia subsp. longifolia and subsp. typhoides which have the similar nutlet size, sculpturing and colour (Table 2) . On the other hand, Duletic-Lausevic and Marin (1999) Mentha taxa employed in this study can be divided into three informal groups, with regard to nutlet characteristics basically sculpturing patterns. Group I includes M. aquatica, M. × dumetorum (M. aquatica × M. longifolia) and they are similar to each other both in terms of the morphological features and the nutlet characteristics. However, M. × dumetorum differs from M. aquatica in its more oblong spikes and narrower leaves Kaynak, 1997a, 2002) .
Group II consists of M. pulegium, M. spicata subsp. spicata and M. × piperita (M. aquatica × M. spicata). Of the studied Mentha taxa, only M. pulegium is located in sect. Pulegium, whereas the others are included in sect. Mentha. Sect. Pulegium is distinguished from sect. Mentha by its bracts similar to leaves, tubular calyx, weakly 2-lipped, with distinctly unequal calyx teeth, hairy within calyx throat, gibbous corolla tube. Sect. Mentha have variable bracts, calyx tubular or campanulate, with more or less equal calyx teeth, glabrous calyx throat and straight corolla tube (Harley, 1982) . Moreover, the inflorescence of M. × piperita is morphologically similar to M. spicata in that it forms a terminal spike, but it differs from M. aquatica in its more lanceolate leaves that have shorter petioles (3-9 mm or rarely more).
Group III includes M. spicata subsp. tomentosa, M. longifolia subsp. longifolia, M. longifolia subsp. typhoides, M. × villoso-nervata, M. suaveolens and M. × rotundifolia. The nutlet surfaces of this group are covered with penta-or hexagonal-shaped cells that form a particularly net-like appearance. M. × villoso-nervata (M. spicata × M. longifolia) is morphologically different from the parents in its narrower spikes and smaller leaves and calyx Kaynak, 1997b, 2002) . M. × rotundifolia (M. suaveolens × M. longifolia) resembles M. suaveolens in its pale green and strongly rugose leaves, but it differs in that its leaves are more oblong and have an acute apex (Harley, 1982; Tarimcilar and Kaynak, 2002) .
Hybrids can be distinguished from their parental species in terms of some nutlet features. As seen in Table 2 The utility of nutlet characters, i.e. shape, size, presence or absence of hairs, nature of indumentum, surface sculpturing, exocarp cellular morphology and anatomy of the nutlet has been shown at various taxonomic levels in different genera of Lamiaceae (Husain et al., 1990; Marin et al., 1994; Duletic-Lausevic and Marin, 1999; Moon and Hong, 2006) . Our findings also showed that the nutlet size, presence/absence of trichomes, surface sculpturing pattern are valuable diagnostic characteristics for separating closely related taxa of Mentha. In conclusion, we can say that nutlet morphological characteristics combined with other morphological characters can be used for delimination of taxa at the species and infraspecific levels in the genus Mentha. Furthermore, this study provides the detailed data on the nutlet features of Turkish Mentha taxa.
